Dendroctonus micans has been continuously colonizing the native oriental spruce forests after its discovery in 1966 in Turkey. Solitary females attack the trees and they usually do not kill its hosts. This study aims to contribute the understanding of this solitary attack strategy and development of D. micans on oriental spruce in Turkey. The pattern of tree infestation was analyzed from 2001 to 2004 and 2006 in 120 experimental plots. Field surveys were carried out in the north east of Turkey in Artvin, Giresun, and Maçka (Trabzon) from May to October of each year. A total 3010 trees were examined in plots. D. micans infestation up to 2 m of trees were examined and the successful and aborted attacks were recorded. Development stages and numbers of the beetles were recorded in the galleries. The sizes of the old brood chambers were measured in the abandoned and infested trees.
Introduction
The greater European spruce bark beetle, Dendroctonus micans (Kugelann) (Coleoptera: Curculionidae) is a pest of spruce across its entire distribution range in Eurasia (Grégoire, 1988) . D. micans has shown a well-developed capacity to spread and to establish in so far unattacked forests including in Georgia (Khobakhidzeet al., 1970) and Turkey (Benz, 1984; Eroğlu et al., 2005) during its spread westward from its original location, the east (Sackhalin peninsula and north Japan) (Fielding et al., 1991; Fielding and Evans, 1997) .
D. micans was first discovered in oriental spruce, Picea orientalis (L.) Link. forests in Georgia in 1957 and by 1963, the beetle had heavily infested Georgian oriental spruce stands (Khobakhidze et al., 1970; Benz, 1984; Fielding et al., 1991) . Oriental spruce is a native tree species of Turkey and Georgia. In Turkey, D. micans infestations were first discovered in 1966 in a stand adjacent to the Georgian border (Acatay, 1968) and, immediately afterward, in all the oriental spruce forests neighboring this country (Serez, 1979; Alkan, 1985) . This expanding population built up a wide front in the early 1980s (Benz, 1984; Özder, 1984) and it was recorded in nearly all stands in the eastern part of oriental spruce forests in the late 1990s (Eroğlu, 1995; Alkan, 2000) . In 1986, timber trade contributed to the movement of the beetle to the spruce forests in the western part of their distribution. By the early 2000s, D. micans had established extensively in these forests (Eroğlu et al., 2005) . Presently, almost all the oriental spruce forests are infested in Turkey (Alkan-Akıncı et al., 2009 ).
Pheromone-mediated mass-attack is a common strategy to exhaust the hosts' defenses among bark beetles that attack living trees (Lieutier, 2007) . In contrast, D. micans does not use aggregation pheromones. The trees are attacked by solitary females and successful brood establishment does not depend on tree mortality (Storer et al., 1997) . Since there is no need for exhausting tree defenses and cooperation (Grégoire, 1985 (Grégoire, , 1988 King and Fielding, 1989 ) and the beetles behave individually (Lieutier et al., 1992) , this colonization strategy is called individual or solitary strategy (Lieutier, 2007) .
Host colonization is the most important factor affecting the population dynamics of bark beetles (Raffa and Berryman, 1987; Amezaga and Rodríguez, 1998) and host finding is the most risky event in their life cycle (Byers et al., 1998) . The insects have to find a suitable host and a suitable spot on this host. In contrast with the cooperative attack strategy observed in tree-killing species, where a threshold exists above which all attacks succeed, in D. micans' solitary strategy, attacks can succeed at one place, but can fail at other places of the same tree (Vouland, 1991) . Instead of exhausting the tree's defenses, D. micans minimizes the development of any induced reaction. Since the beetle has a solitary strategy and resistance depends on local tree characteristics, the effectiveness of tree resistance against an attack does not depend on the population level (Lieutier, 2007) .
Starting with the first records of outbreaks in Europe (Severin, 1902; Brichet and Severin, 1903) , plenty of detailed researches have focused on all aspects of the beetle attacks. General descriptions of the status in different countries, dispersal characteristics, attack strategy, biology, development, chemical ecology, host preferences, host resistance, pest management strategies have been studied (Carle, 1975; Bejer, 1985; Grégoire, 1985 Grégoire, , 1988 King and Fielding, 1989; Storer et al., 1997; Gilbert et al., 2003; Byers, 1989; Lieutier , 2007 - only some selected works mentioned here -). In Turkey some aspects in damage status, biology, pest management strategies have been investigated up to day (Besçeli et al., 1968; Serez, 1978 Serez, , 1979 Serez, , 1981 Alkan, 1985; Keskinalemdar et al., 1986; Alkan ve Aksu, 1990; Eroğlu, 1995; Selmi, 1998; Aksu, 2011 -only some selected works mentioned here -).
This study aims to contribute to the understanding of the solitary attack strategy and development of D. micans on oriental spruce in Turkey, whilst they have, so far, been analyzed on Norway spruce in Europe. Results of the study will contribute to the perception of integrated pest management strategies, forestry operations and future researches.
Materials and Methods

Study area
Field surveys were carried out in Artvin, Giresun, and Maçka (Trabzon) in the north east of Turkey where pure and mixed natural oriental spruce forests shelter D. micans (Figure 1 ). Plots were parts of wider spruce stands that were under attack. Stands selected randomly from a pool of attacked stands, but place of the experimental plots were selected at the spots that can represent the stand in point of stand closure and type. The average elevation of the plots was 1670 m (900-2075 m), and the average slope was 40% (5-90%). There were 37, 23, 11, and 49 experimental plots in the north, south, east, and west aspects, respectively. Sixty-nine of the experimental plots were pure spruce stands, and 51 were sprucedominated mixed stands. Oriental spruce trees were examined for beetle attacks. The percentages of tree species in stand mixture were as follows: Picea orientalis (L.) Link. (88.6%), and other trees, such as fir, Abies nordmanniana (Stev.) Spach. (6.4%), Scotch pine, Pinus sylvestris L. (1.8%), beech, Fagus orientalis Lipsky., (1.8%), chestnut, Castanea sativa Mill., aspen, Populus tremula L., hornbeam Carpinus orientalis Mill., alder Alnus glutinosa (L.) (1.4%). Tree species other than oriental spruce were not attacked by D. micans.
Place of the experimental plots were marked on distribution map of oriental spruce that is produced by General Directorate of Forestry ( Figure 1 ) (URL 1).
Data Collection
A total 3010 trees were examined from May to October in each year in 120 experimental plots, 30 × 10 m in size. The attacked, unattacked, or wounded trees were identified and recorded in 2001-2004, and 2006 in the plots. There were axe wounds or production wounds on some trees in stands. D. micans attacks up to 2 m on trees were examined. Positions of the entry holes were measured. Attacks were recorded as successful if there were eggs or any other developing stages under the bark, and as aborted if there was no gallery beyond the entrance hole. Development stages and numbers of the beetles were recorded in galleries.
There were old and fresh aborted and successful attacks. Trees with old successful attacks (where brood development had occurred and where there was no D. micans remaining) were recorded as abandoned trees. Trees with fresh successful attacks (with developing broods under the bark) were recorded as infested trees. Trees with aborted attempts, abandoned and infested trees together were mentioned as attacked trees. The sizes of the old brood chambers were measured in the abandoned and infested trees.
The numbers of trees and brood chambers with eggs, larvae, pupae, or adults, the total and average numbers of individuals in these trees and brood chambers were arranged as a table. The tendency of initiating new infestations by fertilized females was assessed as the proportion of adult females in reproductive activities as compared to the total individuals and adults.
Larvae that were in different developing stages in the brood chambers in each infested tree were carefully studied. Cephalic capsule's widths of five to ten larvae that were taken from galleries in infested trees were measured. These measurements compared with the mean values in Bayramoğlu (2007) while determining larval stages. Mean value for each larval instar was 0.44 mm ± 0.08, 0.71 mm ± 0.09, 1.05 mm ± 0.10, 1.37 mm ± 0.10, and 1.78 mm ± 0.13 (Bayramoğlu, 2007) . Synchronization in attacks on trees was assessed, as it can explain coalesced galleries in these trees. The percentage of coalesced galleries was calculated based on the maximum number of eggs in the galleries. We assessed a larval gallery as coalesced if the number of larvae was higher than the maximum number of eggs in chambers.
Statistical analyses
Statistical data analyses were carried out using IBM SPSS statistics version 19.0. Numbers of wounded and unwounded actively infested trees were compared using Chi-squared tests. The sizes of old brood chambers on abandoned trees and currently infested trees were compared with t-test. Normality tests were performed prior the t-test. The sizes of old brood chambers were far from normality, so these data were log-transformed to normalize its distribution.
Results
Colonization rates and attack densities of Dendroctonus micans (Kug.) (Coleoptera: Curculionidae)
Dendroctonus micans was observed in 95.8% (115) of the sampled sites. Of the examined trees, 88.6% (2668) were spruce. D. micans attacked 21.7% (578) of the spruces, and 2.2% (59) of them died. There were active D. micans galleries in 11.1% (296) of these trees.
The attack density of D. micans on the first two meters of spruce boles is depicted in Figure 2 . The majority of the attacked trees had only one successful attack and 10 emergence holes; the median value was 3 successful attacks and 26 emergence holes per tree. A total of 3578 successful entry holes were counted in 69.4% of the attacked trees, and 1149 aborted holes were counted in 47.2% of the attacked trees. There were one aborted attack in the majority of the trees and median value was 2 aborted attacks per tree. The aborted holes represented 24.3% of the total attempts. When the percentages of the entry holes to the height up to 2 m on the bole of the trees were evaluated, 69.3% were up to 1 m, and 30.7% were between 1 and 2 m.
A total of 17918 D. micans individuals were counted in 780 brood chambers in 296 spruce trees in a total of 3.6 ha experimental plots area. The average number of beetles at each development stage per tree and brood chamber, and the adults in different activities are depicted in Table 1. A total of 4521 eggs were counted in 88 egg chambers in 64 infested trees. The average number of eggs per gallery was 51.4 Most of the egg clusters (78.1%) were distributed solitarily on the infested trees (Figure 3) . A total of 11392 larvae were counted in 219 galleries in 136 infested trees. The average number of larvae per gallery was 52.0. Trees mostly host one (82.4%) or two (17.7%) different instars larvae at the same time. The average numbers of larvae per gallery and the percentages of possible coalesced galleries are provided in Table 2 . The average numbers of larvae in the coalesced galleries was 242. The coalesced galleries were 3.7% of the total larval galleries. Of the examined larvae, 52.2% of them were counted in 16.9% of the trees. There were 263 pupae in 17 galleries on 15 trees. The average number of pupae per gallery was 15.5. A total of 1742 adults were counted in 574 galleries on 231 trees. Of the adults, 68.5% (1193) were young adults. There were 47.7 young adults per gallery on average (Table 1 ). There was a coalesced gallery where there were 313 young adults.
Wounded versus unwounded trees
Actually, 9.3% (247) and 90.7% (2421) of the spruces were wounded and unwounded in the sampled sites, respectively. D. micans attacked 21.7% (578) of the spruces. Of the attacked trees, 35.5% (205) were wounded trees and 64.5% (373) were unwounded trees. D. micans infested 11.1% (296) of the spruce trees. Of these infested trees, 39.9% (118) were wounded and 60.1% (178) were unwounded. Numbers of wounded and unwounded infested trees indicated a significant difference (χ 2 = 5.127, df: 1, P = 0.024).
There were 1 to 160 successful attacks on unwounded trees and 1 to 77 successful attacks on wounded trees. The majority of the attacked unwounded trees had only one successful attack; the median value was 2 successful attacks. The majority of the attacked wounded trees had only one successful attack; the median value was 3 successful attacks. Numbers of successful attacks per unwounded and wounded trees were given in Figure 4 . There were 1 to 35 aborted attacks on unwounded trees and 1 to 33 aborted attacks on wounded trees. The majority of the attacked unwounded trees had only one aborted attack; the median value was 2 aborted attacks. The majority of the attacked wounded trees had only one aborted attack; the median value was 3 aborted attacks. Numbers of aborted attacks per unwounded and wounded trees were given in Figure 5 . Only 9.3% of the spruce trees were wounded, but 45.7% of the entry holes, 50.8% of the eggs, and 56.8% of the larvae were found on these trees.
Currently infested trees versus abandoned trees
The sizes of the old brood chambers on the abandoned trees and infested trees were 2456.5 cm 2 and 1356.7 cm 2 on an average, respectively (Table 3 ). The sizes of old brood chambers on abandoned trees and currently infested trees were not different (t: 1.278,df: 198, P = 0.203). Old brood chambers on the abandoned trees 2456.5 ± 641.3
Old brood chambers on the currently infested trees 1356.7 ± 183.9
Discussion
Colonization rates and attack densities of Dendroctonus micans (Kug.) (Coleoptera: Curculionidae)
The attack density of D. micans was limited in many of the attacked trees. Solitary attacks constituted the majority but there were also rather high numbers of attacks (40-160 attacks on a tree) in certain trees. The attack of the beetle was repeated more intensively in some trees. This similar scene has been reported by Eroğlu (1995) in the region. Some trees may not be attacked despite multiple D. micans attacks on neighboring trees within a spruce stand, and in addition, individual trees may have a number of aborted attacks on them, as well as some successful attacks (Bevan and King, 1983) . In Belgium, the attack density per tree is solitary within the stands on Norway and Sitka spruce. At most, there are 9 attacks on a tree. Solitary attacks constitute the majority, indicating low infestation density and also no aggregation pheromone in this beetle (Grégoire, 1984) .
Vertical distribution of D. micans attacks on oriental spruce trees was similar to situation in Georgia (Khobakhidze, 1967) and other spruce species in mainland Europe (Grégoire, 1984) . D. micans preferred to settle to the lower parts of oriental spruce trees. But under outbreak conditions D. micans attacks upper parts of the trees, such as in Turkey during 1980s (Benz, 1984) . In Britain, attacks may occur anywhere from the root collar. Attack frequency is greatest between breast height and base of live crown (Fielding and Evans, 1997) .
One of every four attempts was aborted in oriental spruce trees in Turkey. D. micans has more abortive attacks in Europe. Grégoire (1984) reports more than 70% (72-78%) abortive attacks in Belgium. Resin flow can contribute significantly to the failure of D. micans attacks, and this has been attributed to the horizontal direction of the maternal gallery that cuts both radial ducts and a high number of vertical ducts during the whole tunneling activity of the beetle (Lieutier et al., 1992; Lieutier, 2007) .
Female beetles laid maximum 200 eggs as reported by Khobakhidze (1967) and Serez (1979) on oriental spruce before. The average numbers of eggs laid in the field varies from 100 to 150 with maxima of 283 on Sitka spruce and 293 on Norway spruce (Grégoire, 1988) . Maximum numbers of individuals per brood chambers at the larval and young adult stage were higher than maximum number of eggs. Average numbers of larvae were nearly 5 times higher in these brood chambers than average number of larvae in all chambers. The increase in the average number of larvae per gallery shows that the larval galleries may coalesce (Grégoire et al., 1989) in the later instars. When several females oviposit close to one another, individual brood systems frequently coalesce, extensively wounding the tree (Fielding and Evans, 1997) .
In Belgium, average number of larvae per brood chambers is higher, however, average number of individuals in the systems containing only pupae and young adults is lower (Grégoire, 1984; Grégoire et al., 1989) than average number of young adults in Turkey.
Wounded versus unwounded trees
Beetles attacked and established significantly more often on wounded trees in oriental spruce stands. D. micans has been reported to attack wounded or forked trees and stand edges (Granet and Perrot, 1977) and are also known as being sensitive to host odors (Vasechko, 1978; Tømmerås, 1989) . Concentration of starch and nitrogen, moisture content and resin content of wounded bark affects the success of attack. There will be changes in these features by wounding bark. In wounded bark, concentration of starch and nitrogen increases and moisture content reduces. There is initial decrease in resin content but in the 11-month-old wounds concentrations are higher than in unwounded bark (Storer and Speight, 1996) .
Currently infested trees versus abandoned trees
The sizes of old brood chambers on abandoned trees and currently infested trees were not different. Trees have subjected to several attacks in the same year or several generations during consecutive years. In homogeneous sites, such as our study plots, Gilbert et al. (2001) reported that the first attacks in a new stand are made at random, that all or most of the beetles emerging from a tree disperse and resample the stand, and that they settle preferentially on trees that were colonized successfully by previous generations. In solitary strategy, as a consequence of the non-exhaustion of tree defenses, the host is not killed by the successful attacks and the whole beetle life cycle takes place in a living tree. With D. micans, tree death always occurs after several years and several generations in the same tree (Vouland, 1991; Lieutier, 2007) .
Brood areas were similar to those on Norway spruce. The size of the brood area varies according to the number of larvae present, larger broods reaching areas of up to 30-60 cm long and 10-20 cm wide in Norway spruce (Fielding and Evans, 1997) .
In conclusion, the attack density of D. micans was limited in many of the attacked trees and solitary attacks constituted the majority. There were also rather high numbers of attacks in certain trees. Trees have subjected to several attacks in the same year or several generations during consecutive years and the beetle preferred to settle to the lower parts of the trees. One of every four attempts was aborted. D. micans seems to be more successful on oriental spruce than Norway spruce based on the results from European literature. Beetles attacked and established significantly more often on wounded trees in oriental spruce stands. Fragmented forests in north east of Turkey, more stand edges along these fragmented areas and wounded trees may contribute these two latter conclusions. There were coalesced larval galleries. The effect of coalesced larval galleries in exhaustion of tree defenses should be analyzed specifically in the future researches.
